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1  | INTRODUC TION
Social	 environment	 profoundly	 influences	 the	 fitness	 of	 animals,	
affecting	 their	 probability	 of	 survival	 to	 adulthood,	 longevity,	 and	
reproductive	 output	 (McCullough,	 1999;	 Nieberding	 &	 Holveck,	
2017;	Siracusa	et	al.,	2017).	However,	social	environment	can	vary	




Parker,	&	 Eimes,	 2005;	 Tinghitella,	 2014).	 Therefore,	 social	 condi-
tions	experienced	by	parents	at	the	time	of	reproduction	can	predict	
the	social	environments	 that	offspring	will	 face	 (Simpson	&	Miller,	
2007).	 As	 a	 consequence,	 some	 adults	 express	 flexibility	 in	 their	
reproductive	 strategies	 in	 response	 to	 their	 social	 environment.	
For	 example,	 female	 cockroaches	 (Nauphoeta cinearea),	 increase	
the	 number	 of	male,	 but	 not	 female,	 offspring	 that	 they	 produce	



















social	 conditions	 her	 offspring	will	 face	 (Dantzer	 et	al.,	 2013).	 For	
such	maternal	effects	to	be	adaptive,	mothers	must	be	able	to	pre-







Maternal	 effects	 on	 offspring	 life	 history	 have	 been	 widely	
studied	 in	 vertebrates	 (Beach,	 1974;	 Burton,	 Hoogenboom,	
Armstrong,	 Groothuis,	 &	 Metcalfe,	 2011;	 Craft	 et	al.,	 2009;	
Maestripieri,	 1993;	 Stein	&	Bell,	 2014),	 particularly	 in	 avian	 sys-
tems,	 in	which	they	are	often	mediated	by	steroid	hormone	(SH)	
deposition	 to	 eggs,	 most	 notably	 in	 the	 form	 of	 androgens	 and	
glucocorticoids	 (Love,	 Chin,	Wynne-	Edwards,	 &	Williams,	 2005;	
McNabb	&	Wilson,	1997;	Rutkowska	&	Badyaev,	2008;	Tschirren,	
Richner,	&	Schwabl,	2004).	Notably,	the	amount	of	SH	in	eggs	can	




social	 densities	 (Remeš,	 2011),	 which	 increases	 the	 growth	 rate	
of	their	sons,	but	not	of	their	daughters	after	hatching	(Tschirren,	
2015).	 Similarly,	 female	 house	 sparrows	 (Passer domesticus)	 vary	
the	concentration	of	androgens	that	they	deposit	to	their	eggs	ac-
cording	 to	 their	 social	 environment	 (Mazuc,	 Bonneaud,	 Chastel,	
















the	 Delphacidae	 species	 Prokelisia marginata	 and	 P. dolus	 respond	















mone	 deposition	 to	 eggs	 is	 not	 responsible	 for	 the	 shift	 between	
phases	(Simpson	&	Miller,	2007),	substantially	higher	concentrations	
of	ecdysteroid	hormones	 (ESH,	steroid	hormones	ubiquitous	 in	 in-
vertebrate	species)	are	found	in	the	fresh	eggs	of	crowded	females,	






mass	of	ESH	available	 to	 fresh	eggs	 (less	 than	24	h	old)	 results	 in	
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larger	 hatchlings,	 despite	 uniform	 egg	 weight	 (Crocker	 &	 Hunter,	
2018).
Acheta domesticus	is	an	excellent	system	for	studying	hormone-	
mediated	maternal	 effects.	 Unlike	 those	 of	 the	 polyphenic	 S. gre‐




provision	 their	 eggs	with	highly	 variable	 amounts	of	 ESH	 in	 suffi-
cient	 quantities	 to	measure	 (Dinan,	 1997).	Moreover,	 variable	 so-
cial	conditions	 influence	orthopteran	development,	affecting	adult	




Acheta domesticus	 is	 amenable	 to	 laboratory	 rearing,	 which	
makes	it	an	expedient	organism	with	which	to	investigate	transgen-
erational	effects	of	variable	maternal	hormone	deposition	to	eggs.	
For	example,	we	have	previously	 shown	 that	variation	 in	egg	ESH	
provisioning	translates	 into	variation	 in	offspring	 life	history	traits,	
whereby	increased	ESH	provisioning	results	in	larger,	faster-	growing	
hatchlings	 in	 spite	 of	 uniform	 egg	 size	 (Crocker	 &	 Hunter,	 2018).	
Although	our	previous	study	 identified	one	cause	 (grand-	maternal	








































We	 reared	 crickets	 following	 the	 general	 methods	 described	 by	





coconut	 fiber	 into	which	 female	 crickets	 oviposited.	 After	 4	days,	
















Total (replicates * 
focal females)
High	density 30 15 15 6 6 36
Low	density 10 5 5 12 3 36
High	female 30 10 20 6 6 36
High	male 30 20 10 6 6 36





















into	 their	 final	 experimental	 containers.	 For	 these	 containers,	 we	


















to	 the	 population	 she	 interacted	 with,	 we	 chose	 focal	 females	 in	
all	bins	by	the	ordinal	number	 in	which	they	matured	 (e.g.,	 in	 low-	
density	bins,	the	first,	third,	and	fifth	females	to	mature).	For	each	
of	these	focal	females,	we	then	calculated	her	age	at	maturity	as	the	
number	 of	 days	 after	 hatching	 at	which	 she	 reached	 her	 imaginal	

















tographing	 her	 over	 a	 millimeter-	demarked	 ruler.	 Then,	 in	 Adobe	
PhotoShop	7.0,	we	measured	each	cricket’s	pronotum	width	(in	pix-
els)	as	an	indicator	of	structural	size	(Kelly,	Tawes,	&	Worthington,	







and	Hunter	 (2018)	 and	 stored	 at	−20°C	 (Warren	et	al.,	 2006).	We	






a	 C-	18	 Solid	 Phase	 Extraction	 column.	We	 dried	 the	 60%	MeOH	
solution	 under	 vacuum	 and	 dissolved	 the	 purified	 extract	 in	 EIA	
Buffer	(Cayman	Chemical	Company,	Ann	Arbor,	MI,	USA),	which	we	
then	used	to	assay	ESH	mass	per	sample	via	the	Cayman	Chemical	
Company’s	 20-	hydroxyecdysone	 enzyme	 immunoassay	 materials	
(see	Crocker	&	Hunter,	2018	for	details	and	a	validation	of	this	assay	
and	extraction	technique).	For	each	female,	we	used	eggs	from	the	
first	 clutch	 laid;	 in	most	 cases	 (54	of	100	 focal	 individuals,	 evenly	
dispersed	 across	 treatments	 (ANOVA,	 F3,96	=	1.50,	 p	=	0.219)),	 we	







of	 (a)	 social	 density	 and	 (b)	 social	 composition	 on	maternal	 provi-
sioning	of	ESH	to	eggs.	When	assessing	effects	of	social	density	on	
the	mass	of	ESH	measured	in	eggs,	we	compared	only	those	crickets	
reared	under	equal	 sex	 ratios	 (Table	1).	When	assessing	effects	of	
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(i.e.,	dose	per	embryo)	is	the	most	physiologically	relevant	measure.	
However,	we	conducted	the	same	analyses	using	mass	of	ESH	per	
gram	 of	 egg	weight	 (i.e.,	 concentration)	 and	we	 present	 these	 re-
sults	 in	 supplementary	material	 (Supporting	 information	Table	S1):	




was	 associated	with	 the	 amount	 of	 ESH	 that	 she	 provided	 to	 her	




We	provide	 averages	 of	 cricket	 traits	 (focal	 female	 size,	 ESH/egg,	
age	at	maturity,	and	lay	latency)	among	treatment	groups	in	Table	2,	
















at	 low	density.	Consistent	with	work	 on	 the	 related	 desert	 locust	
(Schistocerca gregaria)	 (Hägele	 et	al.,	 2004),	 we	 predicted	 that	 we	
would	observe	a	difference	in	provisioning	strategy	between	crick-
ets	raised	in	high	and	low	density	treatments.	Previous	experiments	
in	 this	 same	system	have	 shown	consistently	 that	higher	doses	of	
ESH	per	egg	result	in	faster	juvenile	growth	rates	(Crocker	&	Hunter,	
2018).
Given	 the	 effect	 of	 ESH	 on	 growth,	 we	 can	 infer	 that	 crick-









Comparison Treatment N Mean size (mm)
Avg ESH/egg 
(log(pg))




Density High 24 a4.83	±	0.13 a0.655	±	0.04 a70.59	±	1.53 a18.68	±	1.43
Density Low 27 a5.01	±	0.08 b0.998	±	0.04 a68.04	±	1.33 a18.93	±	1.72
Composition Equal 24 a4.83	±	0.13 a0.655	±	0.04 a70.59	±	1.53 a18.68	±	1.43
Composition High	female 26 a5.1	±	0.08 a0.759	±	0.04 a70.95	±	1.82 a20.85	±	1.39














Model ESH/egg ~ Density + Female Size + Lay Latency + Age at Maturity
Density F1,22	=	12.53 p = 0.0018
Female	size F1,22 = 0.00 p	=	0.969
Lay	latency F1,22	=	0.90 p	=	0.353
Age	at	maturity F1,22	=	1.13 p	=	0.299
Model ESH/egg ~ Sex Ratio + Female size + Lay latency + Age at maturity
Sex	ratio F2,38 = 0.05 p	=	0.947
Female	size F1,38	=	0.38 p	=	0.541
Lay	latency F1,38 = 1.22 p = 0.277
Age	at	maturity F1,38 = 6.51 p = 0.015
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2018).	In	this	experiment,	we	expected	that	crickets	reared	at	higher	





vestment	work	 substantiating	MacArthur	 and	Wilson’s	 r-	 and	K-	
selection	 framework	 (MacArthur	&	Wilson,	1967).	Specifically,	 it	
has	been	broadly	demonstrated	 that	high	parental	density	 is	 as-
sociated	with	maternal	effects	 that	 favor	 rapid	offspring	growth	
rates,	presumably	to	accelerate	consumption	of	declining	resources	
(Burton	et	al.,	2011;	Dantzer	et	al.,	2013;	Denno	&	Roderick,	1992;	




a	 trade-	off	between	egg	size	and	 the	extent	of	protein	a	 female	
deposits	to	each	egg.	In	the	studies	of	which	we	are	aware,	results	
have	been	interpreted	as	evidence	of	the	fitness	benefits	of	pro-



















Density	 experienced	by	mothers	has	been	 found	 to	 alter	 the	




and	 respond	 by	 programming	 their	 offspring	 to	 become	 heavier	
at	pupation	(Rossiter,	1991).	Following	this	same	pattern,	females	
of	 both	 the	Delphacidae	 species	Prokelisia marginata	 and	P. dolus 
respond	 to	 increased	 social	 density	 by	 altering	 the	 phenotype	
of	 their	 offspring:	 at	 low	densities,	 offspring	 in	 both	 species	 are	
flightless,	 but	 in	 crowded	 conditions,	 they	 produce	 fully	 winged	
offspring	 that	 can	 disperse	 (Denno	&	Roderick,	 1992).	Most	 im-
portantly,	 in	 the	desert	 locust	 (a	close	 relative	of	house	crickets)	
crowded	females	produce	fewer,	larger	eggs	than	solitary	females,	













We	 acknowledge	 that	 our	methods	 unavoidably	 use	 a	 shorter	
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the	social	density	treatment	groups.	 In	 light	of	other	studies	citing	











results	 are	 congruent	 with	 similar	 patterns	 of	 variable	 maternal	
provisioning	 in	 response	 to	 environmental	 stressors	 that	 have	
been	 observed	 in	 other	 taxa	 (Reviewed	 in	 Mousseau	 and	 Fox	






Variable	 maternal	 hormone	 provisioning	 is	 a	 promising	 con-
text	 in	which	 to	 investigate	 adaptation	 to	 variable	 environments	
(Dantzer	 et	al.,	 2013;	 Jablonka	 et	al.,	 1995;	 Meylan	 et	al.,	 2012;	
Mousseau	 &	 Fox,	 1998a;	 Schwabl	 et	al.,	 1997;	 Witting,	 2000),	
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